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Economic assessmentAbstract Industrial production of biodiesel fuel in Egypt by the transesterification of vegetable oils
is being faced with the problem of feedstock shortage. Egypt imports annually about 90% of its
needs as edible oils for human consumption. The production of biodiesel by direct esterification
of fatty acids that can be obtained from the oil and soap industrial sector in huge quantities each
year (around 16 thousand tons) may be a proper solution to this problem. According to results of a
previous study [1], the biodiesel produced following this approach and using methyl alcohol was
quite efficient as an alternative fuel for diesel engines. However, the process should be economically
feasible for application on an industrial scale. The present study assessed the economic feasibility of
biodiesel production by direct fatty acid esterification. Complete process simulation was first carried
out using the process simulation software, Aspen HYSYS V7.0. The process was then designed
comprising four main steps being esterification, solvent recovery, catalyst removal and water
removal. The main processing units include the reactor, distillation column, heat exchangers, pumps
and separators. Assuming that the rate of fatty acids esterified was 2 ton/h, all process units
required have been sized. Total capital investment, total manufacturing cost and return on
investment were all estimated. The latter was found to be 117.1% which means that the production
process is quite economically feasible.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Concern about the depletion of petroleum reserves, rising
prices of crude oil, environmental impact and global warming
is driving the research toward finding alternates to petrol fuels.
Biodiesel fuel, an environmentally friendly product, is consid-
ered the most promising fuel substitute for diesel fuel obtained
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fuel. For example, it has more lubricity which reduces the wear
rate of engine parts. Also it has a higher flash point than diesel
fuel which makes it safer. It is also free from sulfur which usu-
ally forms acidic oxides upon oxidation in the engine. Thus,
the use of biodiesel fuel in place of regular diesel fuel will
reduce the corrosion rate of the engine parts by the action of
acidic gases in the combustion exhaust. The absence of sulfur
oxides in the combustion exhaust besides the fact that biodiesel
is biodegradable make this fuel more environmentally friendly
compared to regular diesel fuel (petro-diesel).
Biodiesel fuel can be prepared via one of two ways, either
by transesterification of vegetable oils with alcohols [2,3] or
by direct esterification of fatty acids with alcohols [1]. Egypt
imports annually huge quantities of edible oils to cover more
than 90% of the consumption needs as vegetable oils. There-
fore, if biodiesel is to be produced in Egypt on an industrial
scale by oil transesterification, vegetable oils of non-edible
grade rather than edible ones should be used. Examples of
these oils are highly acidic ricebran oil [4], jatropha oil [5], high
erucic acid rapeseed oil [6] and used cooking oil [7]. However,
the quantities currently available in Egypt of such non edible
oils are not enough to feed an industrial unit of an acceptable
production capacity of biodiesel fuel.
On the other hand, biodiesel fuel can be produced in Egypt
by direct esterification of fatty acids that can be obtained from
the waste of the industrial oil and soap in the industrial sector.
A major step in the industrial sector processing crude vegetable
oils to yield edible grade oil is the alkali refining step whereby
crude oils are treated with caustic soda to neutralize free fatty
acids. This step ends up with neutralized oil which goes to fur-
ther processing steps (bleaching and deodorization) in addition
to a heavy dark soapy liquor (mucilage). The latter can then be
acidulated to release the fatty acids back. The estimated quan-
tity of fatty acids that can be produced from the oil and soap
industrial sector in Egypt was found to be around 16 thousand
tons annually.
The utilization of this waste using methanol as well as
ethanol as esterifying alcohols to produce biodiesel has been
studied [1]. Both biodiesel; methyl and ethyl esters have been
evaluated as alternative fuels for diesel engines according to
their fuel properties compared to standard diesel as well as
the performance of a diesel engine running using 50% blend
of biodiesel with regular diesel fuel. Results have proved that
the fuel obtained by esterification with methyl alcohol is quite
efficient as an alternative fuel for diesel engines. However,
application of this process on an industrial scale could not
be recommended until it is proved that it is economically
feasible. It is the purpose of this paper to explore whether
biodiesel production in Egypt by direct esterification of fatty
acids is economically feasible or not. This will be made
through three consecutive steps; process simulation, process
design and then economic assessment.2. Process simulation
To assess the commercial feasibilities of the proposed process,
complete process simulation was first carried out. Despite
some expected differences between process simulation
results and actual process operation, most current simulationsoftwares can provide reliable information on process opera-
tion because of their comprehensive thermodynamic packages,
vast component libraries and advanced calculation techniques.
The process simulation software, Aspen HYSYS V7.0, was
used in this study.
The procedures for process simulation mainly involve defin-
ing chemical components, selecting a thermodynamic model,
determining plant capacity, choosing proper operating units
and setting up input conditions (flow rate, temperature, pres-
sure, and other conditions). Information on most components,
such as methanol, sulfuric acid, sodium hydroxide and water,
is available in the HYSYSe component library. Regarding the
fatty acid feedstock, oleic acid (C18H34O2) was considered as
the raw material in this process because it is the most common
monoenoic fatty acid in plants and animals [8]. Accordingly,
methyl oleate (C19H36O2) was taken as the resulting biodiesel
product and its properties were available in the HYSYSTM
component library. For those components not available in the
library, such as sodium sulfate, they were defined using ‘‘the
Hypo Manager” tool in HYSYSTM. For sodium sulfate, its
molecular weight is 142 g/mol. Its normal boiling point and
density were defined as 1429 C and 2664 kg/m3, respectively
[9]. Other physical properties, such as critical temperature,
pressure and volume, were estimated by HYSYSTM.
Due to the presence of methanol which is a highly polar
component, both the non-random two liquid (NRTL) and
universal quasi-chemical (UNIQUAC) thermodynamic/activity
models were recommended to predict the activity coefficients
of the components in a liquid phase [10]. Detailed descriptions
of these models were provided by Gess [11]. The NRTL model
was used in this study.
The industrial scale production of biodiesel in Egypt is in its
first steps. The plants are built with small or medium capaci-
ties. This study is passed on 2 ton/h of oleic acid as a feedstock
to produce nearly 2.1 ton/h biodiesel or 16,800 ton/year.
The main processing units include reactors, distillation
column, heat exchangers, pumps and separators. Because
detailed information on the kinetics was not available, a simple
conversion reactor model with 100% acid conversion to
FAME was used to describe the esterification reaction. It
was assumed that the reactor was a continuous, stirred tank
reactor and the fill factor of the reactor (the ratio of reaction
components to reactor volumes) was set at 0.75.
Multi-stage distillation was used for methanol recovery.
Although the boiling point of methanol (65 C at 1 atm) is
much lower than that of FAME (approximately 320 C at
1 atm), simulations suggested that the desired purity of biodie-
sel could not be achieved by a simple flash unit. The ASTM
standard for purity of biodiesel product (i.e., 99.65 wt.%)
was applied to the process in the present study. However,
the large difference in the boiling points of the components
facilitates distillation; only five or six theoretical stages in the
columns are sufficient to yield high quality biodiesel. In our
simulations, we assumed a tray efficiency of 60–70%. Because
FAME is susceptible to thermal decomposition above 250 C,
vacuum operation for the FAME purification was necessary to
keep the temperature at suitably low levels [12].
After the input information and operating unit models were
set up, the process steady-state simulation was executed by
HYSYSTM. Mass and energy balances for each unit, as well
as operating conditions, were obtained.
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Stainless steel (type 316) should be used when sulfuric acid
concentrations were below 5 wt.% or above 85 wt.% and
temperatures were below the boiling point of the sulfuric acid
solution [13]. Stainless steel 316 was indicated to have an
acceptable corrosion rate (less than 0.5 mm/yr) for 5 wt.%
sulfuric acid under 100 C [14]. Depending on these basics
and the use of sulfuric acid in our process, stainless steel 316
will be used for all equipment as material of construction.
3.1. Process description
3.1.1. Esterification
A continuous esterification process flowsheet using fatty acid
was developed as shown in Fig. 1. The esterification reaction
was carried out at 70 C, 400 kPa. The fresh methanol stream,
the recycled methanol stream 201B and the H2SO4 stream were
mixed before being pumped into esterification reactor R-100
by pump P-100. The fatty acid stream was heated in exchanger
E-100 to 70 C before entering R-100. In R-100, all the fatty
acids were converted to methyl esters. After the esterification
reaction, stream 103 was forwarded to distillation tower
T-100 to remove excess methanol.
3.1.2. Methanol recovery
In T-100, five theoretical stages and a reflux ratio of 5 were
used. At 28 C and 20 kPa, 99% of the total methanol fed to
the column was recovered in the distillate stream 201. It wasStream name MeOH H2SO4 Oleic Acid 101C 102B
Temperature (°C) 25 25 25 28.2 70
Pressure (bar) 1 1 1 4 4
Molar flow rate (kgmol/hr) 7.084 0.612 7.08 43.779 7.08
Mass flow rate (kg/hr) 227 60 2000 1422 2000
Component mole fraction
Methanol 1 0 0 0.951 0
Oleic acid 0 0 1 0 1
M-Oleate 0 0 0 0 0
H2SO4 0 1 0 0.014 0
NaOH 0 0 0 0 0
H2O 0 0 0 0.035 0
Na2SO4 0 0 0 0 0
Figure 1 Detailed flowsheet and mass balance of a contrecycled to R-100. At 70 C and 30 kPa, bottom stream was
directed to reactor R-200 to neutralize the H2SO4 catalyst.
3.1.3. Catalyst removal
Stream 202 was cooled and pumped before entering the
neutralization reactor R-200. In R-200, sulfuric acid was
removed by adding sodium hydroxide (100% purity). The
resulting Na2SO4 was removed in gravity separator X-100.
3.1.4. Water removal
The purpose of this step is to separate the water produced from
esterification and neutralization reactions from the product
stream. Stream 301 is fed into gravity separator X-100 to
remove water. The top outlet is the product stream with a
purity of 99.99% biodiesel.
3.2. Equipment sizing
Process equipment was sized according to principles outlined
in the literature [15–17]. The principal dimensions of each unit
are presented in Table 1.
3.2.1. Reactor vessels
Reactors were sized for continuous operation by dividing the
residence time requirement by the feed flow rate for each
process. Residence times were obtained from experiments
and they were: 1 h and 10 min for the esterification reactor
and neutralization reactor, respectively. The vessels were
specified to have an aspect ratio of 1:1.5.103 201 202 NaOH 204 Biodiesel Bottoms
70 28.72 86.87 60 60 60 60
4 0.2 0.3 1.1 1.1 1.1 1.1
0 50.857 36.090 14.767 1.225 14.767 7.08 8.911
3422 1135 2287 49 2287 2099 236.6
0.68 0.957 0.001 0 0.001 0 0.0013
0 0 0 0 0 0 0
0.139 0 0.48 0 0.48 0.9999 0
0.012 0 0.041 0 0.041 0 0
0 0 0 1 0 0 0.0002
0.169 0.043 0.478 0 0.478 0 0.0687
0 0 0 0 0 0 0.9299
inuous acid-catalyzed process using fresh fatty acids.
Table 1 Design specification for each equipment of the process.
Code Name Capacity/size Quantity
R-100 Esterification reactor  Reaction time of 1 ha
 Dimensions of (D * H) 1.65 m * 2.5 m
1
R-200 Neutralization reactor  Reaction time of 10 mina
 Dimensions of (D * H) 0.8 m * 1.2 m
1
T-100 Methanol recovery tower  Dimensions of (D * H) 1.3 m * 2.7 m
 Number of plates = 5
 Tray spacing = 0.45 m
 No condenser
 Areboiler = 14.34 m2
1
P-100 Alcohol and catalyst pump  Q= 317.7 lit/h
 g= 70%
 P= 0.03 KW
2
P-200 FA pump  Q= 2239 lit/h
 g= 70%
 P= 37.07 KW
2
P-300 Methanol recovery pump  Q= 1419 lit/h
 g= 70%
 P= 0.17 KW
2
P-400 Distillation bottom pump  Q= 2555 lit/h
 g= 70%
 P= 0.07 KW
2
E-100 Heater  A= 0.26 m2 1
E-200 Cooler  A= 0.81 m2 1
X-100 Biodiesel separator  Residence time of 1 hb
 Dimensions of (D * H) 1.4 m * 2.1 m
1
MIX-100 Alcohol/Catalyst mixer  Residence time of 1 hb
 Dimensions of (D * H) 0.7 m * 1.1 m
 Shaft speed of 180 rpm
 P= 0.3 KW
1
MIX-200 Recycled methanol mixer  Residence time of 1 hb
 Dimensions of (D * H) 1.3 m * 1.9 m
 Shaft speed of 180 rpm
 P= 3.81 KW
1
a Reaction times obtained from experiments.
b All residence times of mixers and separators were assumed.
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Distillation column diameter was sized using the Souders–
Brown equation. While tray tower height was calculated by
multiplying the number of actual stages by the tray spacing,
and then increasing the result by 20% to provide height for
the condenser and reboiler.
3.2.3. Gravity separators and mixers
The gravity separators and mixers were designed as vertical
process vessels with an aspect ratio of 1:1.5. They were sized
to allow for continuous operation, with a residence time of 1 h.
4. Economic assessment
The technical evaluation is not the only factor to evaluate a
project; as there are other factors like economical, environ-
mental and social factors. The economic performance is animportant factor in assessing process viability. It checks the
project’s profitability, either it will lose money; or it will earn
money. The economic performance of a biodiesel plant (e.g.,
fixed capital cost, total manufacturing cost, and the break-
even price of biodiesel) can be determined once certain factors
are identified, such as plant capacity, process technology, raw
material cost and chemical costs.
This economic evaluation was based on the following
assumptions: (1) Operating hours for the biodiesel plant was
assumed to be 8000 h/year. (2) In the simulation, pump effi-
ciency was assumed to be 70%. This was used to determine
the pump shaft power. Every pump is considered to have a
spare one. (3) Low pressure steam was used as the heating
media; while water was used as the cooling medium. Their
prices are listed in Table 2. (4) All costs shown are in US$.
Equipment prices were updated from available 2001 or 2007
to 2012 values using the Chemical Engineering Plant Index,
where I2012 = 575.4, I2001=397 and I2007 = 525.4 [18,19].
Table 4 Total manufacturing cost.
Table 2 Costs of raw materials, catalysts and products used in
the process.
Item Price
Chemicals
Biodiesel 1235 $/ton
Fatty acid 285.7 $/ton
Methanol 441.4 $/ton
Sulfuric acid 2398 $/ton
Sodium hydroxide 455 $/ton
Utilities
Cooling water 0.007 $/m3
Electricity 0.04 $/kw h
Low pressure steam (450 kpa, 210 C) 6.8 $/ton
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products are given in Table 2 according to Egyptian local mar-
ket prices.
According to the definition of capital cost estimation [18],
the economic estimation in this article is classified as a ‘‘study
estimate”. It is based on the development of a process flow dia-
gram and rough sizing of major process equipment. No further
information, such as a layout plot, process instrumentation
diagram or piping and instrumentation requirements, was con-
sidered. This study estimate had a range of expected accuracy
from +30% to 20% [18]. Thus, results from such a prelim-
inary evaluation may not accurately reflect the final profitabil-
ity of a chemical plant but can be used as a tool for the
comparison of several process alternatives [18]. The economic
assessment was developed by the literature outlined by [20].
4.1. Total capital investment (TCI)
The total capital investment is divided into fixed and working
capital investments. The fixed capital investment (FCI) is
defined as the investment needed to make the plant ready for
start up and it includes the costs of equipment, installation,Table 3 Equipment costs, fixed capital costs and total capital
investment.
Type Cost ($)
Reactors R-100 188,259
R-200 58,044
Towers T-100 118,032
Pumps P-100 (x2) 8323
P-200 (x2) 12,704
P-300 (x2) 10,733
P-400 (x2) 14,675
Heat exchangers E-100 5366
E-200 8771
Separators X-301 74,690
Mixers MIX-100 2847
MIX-200 10,623
Purchased cost of equipment (PCE) 513,168
Physical plant cost (PPC) = 3.4 * PCE 1,744,770
Auxiliary plant cost (APC) = 0.45 * PPC 785,147
Fixed capital investment (FCI) = PPC+ APC 2,529,917
Working capital investment (WCI) = 0.25 * FCI 632,479
Total capital investment = FCI +WCI 3,162,396piping, instrumentation, electrical, building, utilities, storage,
site development, ancillary buildings, design, contractor’s fee
and contingency. While for the working capital investment
(WCI), it is defined as the investment needed to run the plant
for 3 months, where in these 3 months, all the variables are
adjusted till the plant is ready for real production. Table 3
shows the total capital investment beside to the purchased
costs of main equipment.
4.2. Total manufacturing cost (TMC)
In order to sell a product and decide its price, its manufactur-
ing cost must be known so as to make a profit on it and decide
its selling price. The manufacturing cost (Table 4) is divided
into direct and indirect costs. The direct manufacturing cost
(DMC) includes costs of raw materials, miscellaneous, utilities,
shipping and packaging, labor, supervision, plant overhead,
depreciation, interest, insurance, rent, royalties and mainte-
nance. In this project, the raw materials’ cost takes a large part
of the manufacturing cost as there the costs are high. For the
labor cost, it was estimated as $617,400; and it was calculated
by assuming that an operator worked 49 weeks/year and there
were three 8-h shifts per day for the continuous plant.
The indirect manufacturing cost (IDMC) includes the sales,
distribution, general overheads, research and development and
it equals to 25% of the DMC.
4.3. Return on investment (ROI) and breakeven point
To get ROI the net profit must be calculated. The net profit is
the money gained or lost resulting from revenues after sub-
tracting all associated costs. It can be calculated by subtracting
the TMC from the income from sales. The only product of this
process is the biodiesel which costs 1235 $/ton; so the totalItem Cost ($)
Direct manufacturing cost (DMC)
Raw materials
Fatty acid 4,704,000
Methanol 824,882
Sulfuric acid 1,184,350
Sodium hydroxide 183,532
Utilities
Cooling water 640
Electricity 974,820
Low pressure steam 4,688,825
Labor 617,400
Supervision = 0.2 * labor 123,480
Plant overhead = 0.5 * labor 308,700
Depreciation = 0.15 * FCI 379,488
Interest = 0.08 * FCI 50,598
Insurance = 0.01 * FCI 25,299
Rent = 0.01 * FCI 25,299
Royalties = 0.01 * FCI 25,299
Maintenance = 0.075 * FCI 189,744
Miscellaneous = 0.1 * maintenance 18,974
Shipping & packaging = 0.02 * raw materials 137,935
Subtotal (DMC) 14,162,266
Indirect manufacturing cost (IDMC) = 0.25 * DMC 3,595,126
Total manufacturing cost (TMC) = DMC+ IDMC 17,757,392
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income tax deduction that allows a taxpayer to recover the cost
or other basis of certain property. It can be calculated by the
subtracting the salvage value from the FCI then dividing by
the lifetime of the project. The salvage value is ignored because
of the low value of TCI; and the lifetime of the project is
assumed to be 15 years. So, the depreciation will equal to
15% of the FCI.
By using Eq. (1), the ROI will equal to 105.5%. The ROI is
used to check the feasibility of a project by comparing it to the
minimum acceptable rate of return (MARR). Assume MARR
is 20%. Observations for this project results in that ROI >
MARR; so, the project is feasible.
ROI% ¼ Profit=ðFCIþDepÞ ð1Þ
The break-even point is the point at which the product
stops costing money to produce and sell, and starts to generate
a profit for the company. At break-even point, the production
cost equals income from sales. So, for this process, the break-
even point is at 294 days of production and after producing
14,801 tons of biodiesel.
The selling price of regular diesel in Egypt is 250 $/ton
(0.25 $/lit or 1.8 EGP/lit) which is subsidized by the Egyptian
government, while the average diesel price around the world
is 1130 $/ton (1.13 $/lit) [21]. The biodiesel manufacturing cost
in this study is 1088 $/ton and the selling price is 1235 $/ton.
The recommendation for using biodiesel instead of regular
diesel is due to the fact that biodiesel is simple to use,
biodegradable, nontoxic, and essentially free of sulfur and
aromatics. It can be used in most diesel engines, especially
newer ones, and emits less air pollutants and greenhouse gases
other than nitrogen oxides. It’s safer to handle and has
virtually the same energy efficiency as petroleum diesel. In
addition it has lubricity benefits that fossil fuels do not.
5. Conclusion
The utilization of fatty acids from the oil and soap industrial
sector using methanol as esterifying alcohol to produce biodie-
sel has been studied. Methyl ester has been evaluated as an
alternative fuel for diesel engines according to its fuel proper-
ties compared to standard diesel as well as the performance of
a diesel engine running using 50% blend of biodiesel with reg-
ular diesel fuel. The results have proved that the fuel obtained
by esterification with methyl alcohol is quite efficient as an
alternative fuel for diesel engines .However, application of this
process on an industrial scale could not be recommended until
it is proved that it is economically feasible.
For a biodiesel production rate of 16,800 ton/yr, a flow-
sheet for continuous alkali-catalyzed process using fatty acids
obtained from the oil and soap industrial sector as the raw
material was designed and simulated using Aspen HYSYS
V7.0 software. Detailed operating conditions and equipment
designs for the process were obtained. A technological assess-
ment of the process was carried out to evaluate its technical
benefits and limitations. An assessment of the economic
feasibility of the process is undertaken too.From the technical assessment, the process proved to be
feasible for producing a high quality biodiesel product under
reasonable operating conditions. The alkali catalyst used
decreased the reaction times and the production cost as it is
cheap; however, it cannot be recycled. Using of sulfuric acid
resulted in using more expensive stainless steel as equipment’s
material of construction, while using of fatty acids waste from
the oil and soap industrial sector resulted in low raw material
cost.
For the Egyptian market, this process is recommended; as it
can provide top-grade biodiesel to help in resolving the short-
age in diesel fuel.
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